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INTRODUCTION 
Prodigiosin, the blood-red pigment produced by the wild-
type microorganism Serratia marcescens has been shown by nmr 
data (43) and by synthesis (29) to have structure I. Its 
biosynthesis and antibiotic properties have been a source of 
continuing interest. A review on prodigiosin has recently 
been published (49). 
Norprodigiosin, the pigment produced by an orange mutant 
of Serratia marcescens designated strain OF, has been proposed 
to have structure II on the basis of convertion of crude pig­
ment to prodigiosin upon treatment with diazomethane (50). 
However, attempts to purify norprodigiosin for analysis have 
been unsuccessful (3, 16, 32). 
The purpose of this work was first to find a good method 
of purification for norprodigiosin and then to study the 
properties of the pure compound by physical and chemical 
methods. It was hoped that a better knowledge of its 
I R = CH 3 
II R = H 
2 
properties would establish conclusively the structure of 
norprodigiosin and explain difficulties encountered in ob­
taining both the pure compound and suitable derivatives. 
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REVIEW OF LITERATURE 
Prodigiosin was first isolated from Serratia marcescens 
by Wrede and Hettche, who also prepared several crystalline 
salts of the pigment (51, 52, 53). In 1933 Wrede and 
Rothhaas (55) reported the first degradative work done on 
prodigiosin. By oxidation with CrO^ in acetic acid of a 
pyrrole (formula obtained from soda lime distillation 
of prodigiosin, Wrede and Rothhaas obtained N-amylmaleimide. 
Only one carbon was lost in the CrO^ oxidation and it was 
concluded that the pyrrole contained a methyl group in the 
2-position. Oxidation of prodigiosin with CrO^ in acetic 
acid (57) yielded both maleimide and methoxylma3eimide. 
Wrede's degradative work (54, 55, 56, 57) indicated that 
there were three pyrrole compounds in prodigiosin; pyrrole, 
3-methoxypyrrole and 2-methyl-3 amyIpyrrole(MAP). On the 
basis of spectral considerations, Wrede and Rothhaas proposed 
incorrectly a tripyrrylmethene structure for prodigiosin 
(structure III). 
Ill 
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However, recent work has demonstrated the correct 
structure to be the pyrryldipyrrylinethene structure (structure 
I), an alternative structure also proposed by Wrede and 
Rothhaas but considered less likely by them. Comparison of 
absorption spectra of a number of synthetic tripyrrylmethenes 
with the spectrum of prodigiosin cast doubt on the assignment 
of a tripyrrylmethene structure for prodigiosin (4, 38). 
Rappoport and Wilson (30), on the basis of synthetic work on 
dipyrryl ketones, concluded that the tripyrrylmethene 
structure of prodigiosin was untenable. 
In 1956 Santer and Vogel (33) isolated a prodigiosin 
precursor from strain 933, a colorless mutant of S. marcescens. 
This precursor, which had the ability to condense with MAP 
to yield prodigiosin (43) was identified by Wasserman et al. 
as 4-methoxy-2,2'-bipyrrole-5-carboxaldehyde(MBC). 
Rappoport and Holden (29) synthesized MBC and found it to 
be identical to the precursor isolated from strain 933. 
These workers confirmed unequivocally the structure of pro­
digiosin by condensing the synthetic MBC with synthetic MAP. 
Physical properties of prodigiosin have been reported by 
many authors. Wrede and Hettche (53) reported the melting 
points of several salts. Ultraviolet-visible spectra have 
also been reported extensively (7, 18, 25) and recently by 
Williams (46). Recently pKa values for prodigiosin in 
various solvents have been reported by Stefanye (37) and by 
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Hearn et al. (15). Infrared spectral data have been obtained 
by Morgan and Tanner (25), Castro et al. ' 5), Treibs and 
Zimmer-Galler (39) and by Williams (46). Wasserman et al. 
(44) and Williams (46) have obtained the nuclear magnetic 
resonance (nmr) spectrum of prodigiosin. 
Establishment of the structure of prodigiosin has 
renewed interest in investigation of its biosynthesis, 
which it is not well understood. The one well known step 
is the coupling of MAP with MBC shown in Figure 1. Numerous 
mutants that have metabolic blocks in various points of 
the pathway leading to prodigiosin are available (26). 
One such mutant, Serratia marcescens strain OF, was obtained 
by Williams and Green (47) who isolated the mutant after 
gamma irradiation of wild-type strain Nima with sodium 22. 
This mutant produces an orange pigment, norprodigiosin 
(structure II), that may be converted to prodigiosin with 
diazomethane (16). Williams et al, (48) obtained the in­
frared spectrum and the ultraviolet-visible spectrum of 
the crude pigment. Burgus (3) isolated from the broth of 
strain OF a compound that was identified as 4-hydroxy-2,2'-
bipyrrole-5-carboxaldehyde(H3C) (see Figure 1) on the basis 
of the conversion to MBC by treatment with diazomethane. 
With regard to the initial stages of the pathways 
leading to prodigiosin, studies by Hubbard and Rimington 
(18) using labelled compounds have shown that acetate and 
Figure 1. Proposed scheme for biosynthesis of prodigios 
by Serratia marcescens strains 
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glycine (but not the carboxyl group of glycine) are in­
corporated into prodigiosin. These results suggested a 
similarity between porphyrin biosynthesis and prodigiosin 
biosynthesis. Marks and Bogorad (23) found that proline 
is a better precursor than glycine and that the methylene 
carbon of glycine is incorporated into both MAP and MBC 
(35). Thus the pathway to prodigiosin appears to be bi­
furcated but the two paths seem to have a common or closely 
related starting point (26). 
Production of prodigiosin is not a property exclusively 
of Serratia. The presence of prodigiosin has been demonstrated 
in a strain of Streptomyces (28). It has been also isolated 
and identified from a marine organism (22, 32). Prodigiosin-
like pigments have been found in Actinomyces and Streptomyces 
strains. Harashima and co-workers (12, 13) isolated a new 
C-25-pigment from a strain of Streptomyces. Pigments of 
structure IV and V were isolated by Rodgers (32) and by 
Wasserman et al. (45). 
H H 
IV V 
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A pigment related to prodigiosin (VI) has been isolated 
from strain 933 by Feider (10) and from strain 114 by 
Wasserman et al, (45). 
Other prodigiosin-like pigments have been produced by 
adding alkyl pyrroles to the growth medium of strain 933, 
which condenses then with MBC (46), 
Jackson et al, (19) have reported the prodigiosin mass 
spectrum in one paper of a series dealing with mass spectro­
scopy of pyrroles. 
Elson (9) condensed 5-formyl-2,2'-bipyrrole with a 
number of alkylpyrroles, ^  vitro, to obtain a series of 
pigments with the same ring system as that of prodigiosin. 
The ultraviolet-visible, infrared, nmr, and mass spectra 
of the synthesized compounds were presented. Elson also has 
proposed a new nomenclature for prodigiosin and prodigiosin-
like compounds giving the name of "prodigiosene" to the un-
substituted ring and numbering it as in structure VII. 
ÇH3ÇH3 
VI 
10 
10 
VII 
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EXPERIMENTAL 
Materials 
Organisms 
The bacteria used in this study were obtained from Dr. 
Robert P. Williams of Baylor University College of Medicine. 
The wild-type Serratia raarcescens strain Nima is a rod shaped. 
Gram-negative bacterium which normally produces the red 
pyrryldipyrrylmethene pigment identified as prodigiosin. 
Serratia marcescens strain OF, an orange mutant which produces 
the orange pigment norprodigiosin, was obtained by Williams 
and Green (47) by gamma irradiation of strain Nima. 
Media 
Harned's medium (14) This medium consisted of: 
2 percent D-mannitol, 1 percent bacto-neopeptone, (Difco 
Laboratories), and 0.125 percent magnesium sulfate heptahydrate 
in deionized water. The pH of the medium was adjusted to 
5.0 with 4N hydrochloric acid. Bacto-peptone (Difco 
Laboratories), substituted for Bacto-neopeptone in some 
experiments, appeared to decrease the production of pigment 
in strain OF. 
Williams' medium (47) It consisted of: 0.1 percent 
yeast extract, 0.2 percent enzymatic casein hydrolyzate, 1.0 
percent glycerol, 0.5 percent ammonium citrate, 0.05 percent 
magnesium sulphate heptahydrate, 0.5 percent sodium chloride. 
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0.005 percent ferrie ammonium citrate; made up with de-
ionized water. The final pH was adjusted to 7.0. 
Instruments and reagents 
All reagents used were either CP or Analytical grade 
unless otherwise stated. Skelly B, chloroform, and acetone 
for chromatography were redistilled. 
The pH measurements were made with a Beckman model 76 
expanded scale pH meter. 
Ultraviolet-spectra and absorbance data were obtained 
with either a Gary model 15 recording spectrophotometer, a 
Beckman DB recording spectrophotometer, or a Beckman DU 
spectrophotometer. 
Infrared spectra were obtained with a Perkin-Elmer 
Model 21 double beam spectrophotometer. 
Nuclear magnetic resonance spectra were obtained with a 
Varian Model A-60 spectrometer. Samples were dissolved in 
deuterochloroform with tetramethylsilane as internal standard. 
Mass spectra were obtained with an Atlas CH4 mass 
spectrometer using a T04 ion source. All samples for mass 
spectral analysis were adsorbed on silica gel unless otherwise 
noted. 
Shake cultures were grown in a New Brunswick gyrotory 
shaker model G-25 at a speed setting of 6. 
Centrifugations were carried out on a Lourdes refrigerated 
Betafuge continuous flow system or on a Sharpless Super 
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Centrifuge type T-41-24 IHy air driven continuous flow 
centrifuge. 
Melting point determinations, uncorrected, were made 
with a Mel-Temp capillary melting point apparatus. 
Concentration of solutions was accomplished on a Buchi 
Rotovapor with a bath temperature of not more than 37° 
unless otherwise noted, 
ORD determinations were carried out on a Jasco Model 
ORD/UV-5 Spectropolarimeter. 
Lyophilizations were carried out in a Virtis Dry-ice 
acetone freeze-dryer or in a Thermovac Model FD-3 freeze-
dryer. 
General Methods 
Cultures 
Frozen stock and working cultures Frozen working 
cultures of strains Nima and OF were prepared by inoculating 
3 ml of sterile Williams' medium in 15 ml screw-cap tubes. 
Inoculum was from Williams' agar stock slants (Williams' 
medium with 2.0 percent agar). The inoculated tubes were 
allowed to grow for 20 to 24 hours at room temperature, 
then quick-frozen in a dry ice-acetone bath. These frozen 
working cultures were stored in a freezer until needed. 
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Inocula Cultures for inoculation of shake flasks 
were prepared by inoculating 10 ml of sterile Williams' 
medium in 15 ml screw-cap tubes with a loop of the strain 
needed from a quick-thawed working culture. The inoculum 
culture was grown in the dark at room temperature for 20 
to 24 hours and then used to inoculate shake flasks. 
Broth cultures Two-liter Erlenmeyer flasks each 
containing either 400 ml or 700 ml of Harned's medium were 
stoppered with cotton plugs and autoclaved. Each flask was 
aseptically inoculated with 5 ml of a Williams' medium 24 
hour inoculum tube of the strain needed. The flasks 
were shaken in the dark for 48 hours at 28®. 
Thin-layer chromatography 
Analytical thin-layer chromatography Progress of 
purification of pigments was followed by using thin-layer 
chromatography. Plates were prepared using 3x1 inch glass 
microscope slides. The plates were coated with E. Merck 
Silica Gel G, Silica Gel GF254, or MN Polyamide PF254. 
Five g of silica gel was vigorously shaken with 10 ml of 
deionized water. The resulting slurry was spread evenly over 
20 microscope slides with an aluminum spreader and slide-
holding tray made in the chemistry shop of Iowa State 
University. The coated plates were air dried and activated 
in an oven at 110®C for 60 minutes. Activated plates were 
stored in a desiccator over CaClg until needed. . To prepare 
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the polyamide plates 2 g of polyamide was shaken vigorously 
with 8 ml of methanol and the slurry was spread over 20 
microscope slides with the aluminum spreader described 
above. The polyamide coated plates were air dried at room 
temperature for 60 minutes. These plates did not require 
activation, so after drying they were stored in a desiccator 
over CaCl2. Samples were applied to the plates with micro-
pipettes made by drawing out capillary tubes. The plates 
were developed in small solvent-saturated chambers. For 
preservation, thin-layer chromatograms were sprayed with 
Neatan (E. Merck). After drying of the Neatan, the thin-
layer was removed from the plates with Scotch transparent 
tape. 
Column chromatography 
Kontes Chromaflex columns, fitted with sintered glass 
disks at the bottom and with teflon stopcocks were used. 
Columns were prepared by pouring a slurry of sorbent and 
solvent into the column and allowing it to pack by settling 
and solvent flow. 
Extraction and Purification of Prodigiosin 
Prodigiosin was extracted from broth cultures of the 
Nima strain of Serratia marcescens by a modification of Rodgers 
method for the C-25 prodigiosin (32). Cells were harvested 
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by centrifugation at 14,000 rpm in the continuous flow 
system of the Lourdes centrifuge and then lyophilized. 
Twenty grams of lyophilized cells were extracted with 
dichloromethane, leaving the cells in contact for 15 
minutes before separating them by suction filtration. The 
cells were washed with dichloromethane until no more pigment 
was extracted. The combined dichloromethane extract was 
concentrated to a volume of 200 ml and washed in a separatory 
funnel twice with 100 ml of IN NaOH, once with 100 ml of 
deionized water, and finally with 100 ml of IN HCl. The 
dichloromethane containing the prodigiosin hydrochloride 
was separated, dried with anhydrous sodium sulfate, and 
evaporated to dryness at 35®C, The pigment was then dissolved 
in hexane and the solution left in the refrigerator (4°C) 
for 2 hours. The crude prodigiosin hydrochloride that 
crystallized on cooling was obtained by suction filtration 
through a sintered glass filter. The hydrochloride was 
dissolved in dichloromethane. The pigment solution was washed 
with 100 ml of IN NaOH, dried over sodium sulfate, and 
evaporated to dryness at 35°C. The pigment was dissolved in 
a small volume of hexane and put on top of an alumina column 
(4 x 20 cm). The pigment was eluted from the column by using 
successively the following mixtures of solvents: pentane-
ether (10:2), nentane-ether (1:1), chloroform-pentane (1:1) 
and finally chloroform pentane (2:1) . The fraction 
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containing the pigment was dissolved in dichloromethane and 
treated with 100 ml of IN HCl in a separatory funnel. The 
dichloromethane solution of prodigiosan hydrochloride was 
evaporated to dryness and the pigment dissolved in warm 
hexane. On Cooling the hexahe solution separated the pure 
hydrochloride of prodigiosin. Melting point = 146-147*0, 
reported 148-150°C (5) . 
The infrared spectrum of prodigiosin hydrochloride is 
shown in Figure 2 together with the infrared spectrum of pro­
digiosin perchlorate prepared from the hydrochloride. The 
visible-ultraviolet spectra of prodigiosin prepared in this 
way run in acid and base are shown in Figure 3. 
Extraction and Purification of Norprodigiosin 
Norprodigiosin was extracted from broth cultures of 
strain OF, the orange mutant of Serratia marcescens. Cells 
were harvested by centrifugation at 14,000 rpm in the con­
tinuous flow system of the Lourdes centrifuge or at 18,000 rpm 
in the continuous flow system of the Sharpless centrifuge. 
The collected cells were then lyophilized. One hundred grams 
of freeze-dried cells were ground with acetone in a mortar 
to make an homogeneous paste, transferred to a 2-1. 
Erlenmeyer flask, covered with acetone, and let stand for 10 
minutes at room temperature. The cells were separated by 
suction filtration and washed on the filter with acetone until 
Figure 2. Infrared spectra in KBr 
Top; Prodigiosin perchlorate 
Bottom; Prodigiosin hydrochloride 
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Figure 3, Ultraviolet-visible spectrum of prodigiosin 
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all the pigment was extracted. The filtrate was evaporated 
to dryness. The pigment was dissolved in a small volume of 
95 percent ethanol and cooled in an ice-salt bath to -10°C 
for 30 minutes to separate the serratamolide a neutral 
metabolite produced by Serratia (41). Filtration removed 
5.3 g of crude serratamolide. The dark orange filtrate 
contained crude norprodigiosin. Purification of the crude 
pigment was achieved by column chromatography on MN-
Polyamid-SC6 (Brinkmann Instruments), a polycaprolactan 
shown to be effective on TLC trials for separating the pigment 
from the remaining serratamolide. The column was prepared 
as described in the general methods, using 15 g of polyamide 
and washing it with 400 ml of deionized water followed by 
250 ml of ethanol and finally 250 ml of deionized water. 
The ethanolic filtrate containing the crude norprodigiosin 
was concentrated to a small volume and diluted 1:1 with 
deionized water. Polyamide (5 g washed as above) was added 
to adsorb the pigment. The mixture was stirred for 5 minutes 
and when the pigment was adsorbed on the polyamide, the 
solid was obtained by filtration and put on top of the column 
of polyamide. Elution was started with a 1:1 mixture of 
ethanol-water (250 ml), followed by straight ethanol. With 
ethanol the adsorbed pigment on top of the coliamn began moving 
down as a wide orange band. Suction from a water pump was 
necessary to develop the column at a reasonable rate. Initial 
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fractions of the pigment band eluted from the column showed 
serratamolide on TLC plates, but after 35 ml of pigment-
containing effluent had been collected the pigment was 
practically free of serratamolide. A yield of 168 mg 
of purified norprodigiosin was calculated from the absorption 
at 52 8 mu for the acidic form of the pigment using 
e  = 9.25 X  1 0 ^ .  
Infrared spectra of norprodigiosin obtained in KBr 
pellet, C Cl^, and in tetrahydrofuran are shown in Figure 4. 
A mass spectrum obtained on a sample of norprodigiosin 
very thoroughly dried over ^2^5 vacuo is shown in Figure 
5. Nuclear magnetic resonance (nmr) spectra were obtained 
in deuterochloroform using tetramethylsilane (TMS) as 
internal standard; D^O was added to reveal any interchange 
with deuterium of protons coming either from the hydroxyl 
group or NH-groups in the norprodigiosin molecule. The 
nmr spectra are shown in Figure 6 and Figure 7. 
Ultraviolet-visible spectra of norprodigiosin were 
obtained in 95% ethanol O.OIN in HCl, and in 95% ethanol 
O.OIM in NaOH (see Figure 8). 
Crude serratamolide was recrystallized twice in 
ethanol:water using decolorizing carbon to adsorb contaminating 
pigment. A white crystalline product was obtained, melting 
point = 160-161°C, reported 159-160® (41). The infrared 
spectrum of the purified serratamolide is shown in Figure 9. 
Figure 4. Infrared spectra of norprodigiosin 
Top: Spectrum in KBr 
Center: Spectrum in C Cl^ 
Bottom: Spectrum in tetrahydrofuran 
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Figure 8, Ultraviolet-visible spectra of norprodigiosin 
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Figure 9. Infrared spectra in KBr 
Top: Purified serratamolide 
Bottom: Purified benzoyl serratamolide 
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An optical rotatory dispersion (ORD) spectrum was 
obtained for norprodigiosin in 95% ethanol but it did not 
show optical activity for the compound, probably due to a 
low concentration of the sample (OD = 0.7 at 528 my in acidic 
ethanol). 
Attempts to Obtain Norprodigiosin Derivatives 
Benzoyl derivative 
Ten grams of lyophilized cells from strain OF of 
Serratia marcescens were extracted with dichloromethane. 
Cell debris was removed by suction filtration. The extract 
was dried with anhydrous Na2S0^ and evaporated to yield a 
crude pigment residue. For benzoylation, the technique 
chosen was that used by Davoll for pyrrole derivatives (6). 
The pigment was dissolved in 3 ml of dry pyridine and this 
solution was kept under dry conditions in a small Erlenmeyer 
flask. The pyridine solution was cooled in a dry ice-
acetone bath until some crystallization occurred; then 1 
ml of benzoyl chloride was added. An instantaneous change in 
color from orange to a dark purple was observed. The 
reaction mixture was left in the dry ice-acetone bath for 
15 minutes. Excess benzoyl chloride was destroyed by addition 
of saturated bicarbonate solution. The resulting neutral 
solution was extracted three times with chloroform and the 
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extract was washed three times with 5% to remove 
pyridine. The chloroformic extract.was neutralized by 
washing it with 5% bicarbonate solution and was finally 
washed with distilled water. The extract was immediately 
dried over anhydrous sodium sulfate. A sample of the 
extract checked by chromatography on a TLC plate of silica 
gel using Skelly B-ether (10:1) as solvent showed a blue 
spot of Rf = 0.30 and a light purple spot of Rf = 0.73. 
The plates did not show the presence of free benzoic acid 
when sprayed with citric acid-bromphenol blue reagent (2). 
The chloroformic extract when evaporated to a small volume 
and put in the refrigerator separated some solid that was 
obtained by filtration. This solid was soluble in methylene 
chloride and was precipitated from a methylene chloride 
solution by addition of ether. By this treatment the solid 
was freed from pigment, filtered, and reprecipitated several 
times from methylene chloride with ether. The pink solid 
dried in vacuo over CaClg-NaOH had a melting point of 209-210®C. 
a qualitative test for elements (Lassaigne) was positive for 
nitrogen, carbon, and hydrogen (34). 
The high melting point of the solid suggested the possi­
bility of a benzoyl derivative of serratamolide, a metabolite 
found by Wasserman et al. (41) in Serratia cultures: 
V\h 
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ÇH2OH 
CH3(CH2)5CH2 
XH2(CH2)5CH3 
CH2OH 
The infrared spectrum (KBr) showed the same absorption 
bands described by Wasserman (41) for unsubstituted serrata-
molide in addition to bands for a phenyl group (see Figure 
9) . 
Pigments in the chlorofoirmic extract were purified by 
column chromatography on silicic acid (45 g) using a mixture 
of Skelly B-ether (10:1) as the developing solvent. Fractions 
were separated every 300 drops with the aid of a fraction 
collector. A light purple pigment was eluted from the column, 
followed by a blue pigment. Both showed spots at Rf = 0.72 
and Rf = 0.30 when run with the same solvent on TLC plates 
(silica gel). Visible absorption spectra obtained on the 
pigments dissolved in 95% ethanol with addition of 2 drops 
of concentrated hydrochloric acid showed a peak at 563 my 
for the purple and at 482 m\i for the blue pigment (see Figure 
10). 
Fractions (35 to 45) containing both pigments were taken 
to dryness and rechromatographed on a silicic acid column 
using acetone-skelly B (1:4) as developing solvent. The 
Figure 10. Visible spectra 
Top: Benzoylation product of norprodigiosin in 
acidic ethanol 
Bottom: p-nitrobenzoylation product of nor­
prodigiosin in acidic ethanol 
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purple pigment was eluted from the column and the blue 
remained adsorbed on top of the column. No further work 
was done on the blue pigment. The fractions containing the 
purple pigment were evaporated to dryness, leaving a 
dense oily material of very dark purple color. An attempt 
to obtain the hydrochloride of this product was unsuccessful. 
The infrared spectrum of the liquid compound showed bands 
for aryl-COO at 1720, phenyl at 714 and 673 cm~^ and bands 
for ester and pyrrole ring (27). The mass spectrum did not 
show the peaks expected for fragmentation a benzoyl derivative 
of norprodigiosin. However, peaks corresponding to benzoic 
acid were present. 
p-Nitrobenzoyl derivative 
The experiment was carried out in a small Sohxlet 
extractor in which 3 g of lyophilized cells of strain OF 
were put in a thimble together with 31.5 mg of p-nitro-
benzoylchloride. Ether was added in a sufficient amount 
to cover the cells and reflux properly. Reaction was 
instantaneous, since adding the ether produced a bright 
purple color in solution. After 5 hours of refluxing the 
reaction mixture in the Sohxlet the pigment solution was 
concentrated to a small volume and chromatographed on a 
silicic acid column using ether as developing solvent. A 
single pigment was eluted from the column. Its visible 
absorption spectrum in acid ethanol had a maximum at 567 mp. 
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The shape of this spectrum was very similar to that of the 
benzoylation product. No further analyses were obtained 
on this compound. 
Zinc complex 
The procedure followed was that used by Wasserman and 
colaborators for prodigiosan (41). A sample of norprodigiosin 
(30 mg), purified on a polyamide column, was dissolved in 
100 ml of 95% ethanol and 3 g of zinc acetate added to the 
solution. The solution was boiled on a steam bath for five 
minutes. During heating, the color of the solution became 
darker. The hot solution was filtered, heated again to 
boiling and water was added until slight turbidity was 
obtained. On coolinq, no crystal of zinc complex separated. 
Similar attempts were made using nickel, cobalt, and ferrous 
salts but in spite of giving some precipitation and changes 
in color, none of these reactions gave crystalline products 
upon purification. 
Perchlorate of norprodigiosin 
A purified sample of norprodigiosin in 95% ethanol was 
warmed up in a steam bath and 5% perchloric acid was added 
dropwise until slight turbidity appeared in the solution. The 
solution turned purple in color but no crystals could be 
isolated from it. This result is in accordance with the 
findings of Hearn and co-workers (16). 
Figure 11. Gas-liquid chroraotogram of trimethyl silyl derivatives 
of norprodigiosin 
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Trimethylsilyl derivatives of norprodigiosin 
To a pure sample of norprodigiosin (8 mq) dried over 
was added one ampoule of Sil-prep (Applied Science 
Laboratories, Inc., State College, Penna.) containing 
pyridine-hexaraethyldisilazane-trimethylchlorosilane (9:3:1) . 
The solution was allowed to stand for 30 minutes. Addition 
of the reagent to the norprodigiosin produced a bright 
purple colored solution. 
The reaction mixture was then analyzed in a Chromalab 
gas chromatograph (Glowall Corporation, Glenside, Penna.) 
using a six foot column made up with 3% OV-17 on Gas-
chrom Q (Applied Science Laboratories) and an ionization 
detector. Argon was used as a carrier gas, and the column 
was heated to 170°C. Injection of a 2/5 yl sample of the 
reaction mixture described above, gave three major peaks 
and two minor ones as shown on the graph of the recording 
(Figure 11). Retention times for the major peaks were 6.2, 
9.2, and 18.6 minutes; for the minor peaks, 3.0 and 12.6 
minutes. 
To check the masses corresponding to the major peaks 
of the reaction, a fresh reaction mixture was prepared as 
described and a 1 ul sample was injected in the gas chroma-
tograph (using a 3% OV-17 column on Gas-chrom Q) attached to a 
270 Perkin Elmer mass spectrometer. The working temperature of 
the column was 220*C. Retention time for the major peaks 
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were 4.0, 4.5, and 6.0 minutes. Mass spectra of the major 
peaks was recorded as the peaks emerged from the column. 
Mass spectra for the major peaks are shown in Figure 12 and 
Figure 13. 
2,4-Dinitrophenylhydrazone 
Since the infrared spectrum and the nmr spectrum of 
norprodigiosin give evidence for a ketonic structure, an 
attempt was also made to obtain a ketonic derivative. A 
sample of purified norprodigiosin was dissolved in 95% 
ethanol and treated with an ethanolic solution of 
2,4-dinitrophenylhydrazine prepared according to Schriner, 
Fuson and Curtin (34) . The reaction mixture after standing for 
1 hour did not show separation. So it was warmed on the 
steam bath and added some water. Some dark crystals separated 
when the reaction mixture stood overnight at room temperature. 
The product when recrystallized in ethanol-water did not melt at 
360®C. No further analysis were done on this compound. 
pK Determination of Norprodigiosin, Prodigiosin 
and Prodigiosin Analogs 
Apparent acid dissociation constants, pKa's, were deter­
mined by spectrophotometric titration of a series of 
pyrryldipyrrylmethene pigments. Samples of prodigiosin and 
norprodigiosin were purified as already described. Samples of 
synthetic prodigiosin analogs and related compounds were 
Figure 12. Mass spectra obtained for monotrimethyl silyl derivatives 
of norprodigiosin 
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Figure 13, Mass spectrum of a ditrimethylsilyl derivative of 
norprodigiosin 
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kindly provided by Dr. Michael K. Elson, now at Division 
of Biochemistry, University of Wyoming, Laramie, Wyoming. 
Buffer solutions used to cover the range of pH were 
phtalate, phosphate, tris (hydroxymethyl) aminomethane, 
and borate, prepared according to Robinson (31). A stock 
solution of each pigment was prepared in 95% ethanol in an 
appropriate concentration to give an absorbance between 0.7 
and 1.1 at the absorption maximum for the acid form of 
each pigment. Buffered solutions of pigments for spectro-
photometric titration were prepared by pipetting 5 ml 
of the stock solution into a 10 ml volumetric flask and 
making to volume with the buffer solution needed. The pH 
was determined on the final solutions with a Beckman Model 
76 pH meter. The absorbance was determined against an 
alcohol-water blank in a Beckman DU spectrophotometer. 
Absorbance was determined on each of the buffered solutions 
at the absorption maxima for the acid and basic form of each 
pigment. Norprodigiosin alone did not give satisfactory 
values at the maximum for the basic fom. The pKa' value was 
obtained from the mid-point of the visually best-fitting 
titration curve accomodating the points on a plot of absorbance 
vs pH. Curves for each pigment are shown in Figures 14, 15, 
16, 17 and 18. Table 1 summarizes the values obtained for 
pKa's and the absorption maxima for the acidic and basic forms 
of the pigments. 
Figure 14, pKa' Determination in buffered 50% ethanol solutions 
Left: Spectrophotometric titration curve for norprodiqiosin 
absorbance at 528 my 
Right: Spectrophotometric titration curve for prodigiosin 
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Figure 15, pKa' Determination in buffered 50% ethanol solutions 
Left: Spectrophotometric titration curve for prodigiosene 
Absorbance at 541 my 
-o-o- Absorbance at 4 55 my 
Right; Spectrophotometric titration curve for 
5-methyiprodigiosene 
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Figure 16» pKa' Determination in buffered 50% ethanol solutions 
Left: Spectrophotometric titration curve for 
2,4-dimethylprodigiosene 
Absorbance at 553 mp 
Absorbance at 482 my 
Right: Spectrophotometric titration curve for 2-methylprodigiosene 
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Figure 17. pKa' Determination in buffered 50% ethanol solutions 
Left: Spectrophotometric titration curve for 
2,4-dimethyl-3-ethylprodigiosene 
-o-o- Absorbance at 559 my 
-o-o- Absorbance at 492 my 
Right: Spectrophotometric titration curve for 
2-methyl-3-amylprodigiosene 
-o-o- Absorbance at 562 my 
-o-o- Absorbance at 485 my 
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Figure 18. Spectrophotometric titration curve for 
2(pyrroi-2'-yl)prodigiosene 
-o-o- Absorbance at 649 my 
-o-o- Absorbance at 545 my 
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Table 1. pKa' values of norprodigiosin, prodigiosin. 
prodigiosene and prodigiosene analogs 
Compound pKa' X maxima at which 
Acid form 
determined 
Basic form 
1.-norprodigiosin 3.65 528 my — 
2.-prodigiosin 8.25 537 my 470 my 
3.-prodigiosene * 7.20 541 my 455 my 
4.-5-methylprodigiosene 6.65 550 my 461 my 
5.-2-methyIprodigioseno 8.10 553 my 470 my 
6.-2,4-dinethyl-
prodigiosene 8.23 553 my 482 my 
7.-2,4-dimethy1-3-ethyl-
prodigiosene 8.40 559 .my 492 my 
8. - 2 -mc thy 1- 3-amy 1-
prodigiosene 8.35 562 my 485 my 
9.-2-(pyrrol-2'-yl)-
prodigiosene 7.90 649 my 545 my 
* 
The nomenclature used for the synthetic prodigiosan 
analogs is that proposed by Elson (9) who assigned the name 
"prodigiosene" to the unsubstituted ring (see structure VII). 
Oxidative Degradation of Prodigiosan, Norpro-
digiosin and Labelled NOrprodigiosin 
A modified method of Ellsworth and Aronoff (8) was 
employed for the oxidation of these pyrrolic compounds. 
a) Oxidative degradation of prodigiosan. A sample of 
pure prodigiosin (20 mg) was put in a three-necked 150-ml 
round bottom flask and covered with 50 ml of 15% The 
flask was placed in an ice-salt bath prepared in a Dewar flask. 
63 
When the temperature dropped to -10®C in the mixture, 2 g of 
chromium trioxide dissolved in 10 ml of distilled water was 
added dropwise for half an hour from a small separatory funnel. 
The mixture was stirred mechanically during the reaction. 
After the addition of the oxidant the mixture was stirred 
for one hour at -10°C and then for an additional one hour at 
room temperature (25°C). The resulting solution was 
subsequently extracted with diethyl ether (6 x 50 ml) in a 
teflon stopcocked separatory funnel. The extract was washed 
with 5% bicarbonate solution (2 x 50 ml) to separate acidic 
products. The bicarbonate extract was acidified to pH 2 with 
15% HgSO^ and then extracted with ether (4 x 50 ml). Both 
extracts for neutral and acidic maleimides were dried over 
NagSO^ anhydrous and evaporated to dryness. Samples of 
the extracts dissolved in acetone were spotted on MN-Polygrams 
Sil-S-HR/UVgg^ precoated silica gel foils with an inorganic 
fluorescent indicator (Brickmann Instruments, Inc. Westbury, 
N.Y.). The neutral products were developed for 15 minutes in 
Skellysolve F-ethylacetate-isopropanol (88:10:2) (8). 
After development, the dried plates were examined under a 
UV lamp, revealing the maleimides as dark blue spots on a 
green background. Controls of maleimides and methyl 
maleimides were spotted together with samples of the oxidation 
reaction in the thin layer chromatography (TLC). The result 
of the TLC for the oxidation of prodigiosan is shown on 
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Figure 19, The acidic extract developed in Benzene-
ethylacetate-ethanol (5:1:1) showed no spots other than 
maleimides. The maleimides detected by TLC were scraped very 
carefully from the plates with a microspatula and the sample 
collected from several plates was dried over magnesium 
perchlorate in vacuo and then used for analysis on the 
mass spectrometer. The mass spectra for the maleimides 
obtained by oxidation of prodigiosin are shown in Figure 
2 0 and Figure 21. 
Oxidative degradation of norprodigiosin 
A sample of pure norprodigiosin (25 mg) was used for 
the oxidative degradation. The oxidation procedure and 
the identification by chromatography of the maleimides 
produced were the same used for prodigiosin degradation. 
Chromatography results are indicated in Figure 19. The 
mass spectra obtained for the maleimides were identical 
to those obtained in the prodigiosin degradation. 
Oxidative degradation of labelled norprodigiosin 
Labelled norprodigiosin was obtained by incubation of 
the OF strain of Serratia marcescens in the presence of 
L-U-C^^-proline (International Chemical and Nuclear Corp., 
California), A 2-1 Erlenmeyer flask containing 400 ml of 
Harned's medium was inoculated with 2 ml of a 20 hours 
William's inoculum of OF strain. At the time of inoculation 
20 yc of L-proline-U-C^^ together with 50 mg of L-proline 
Figure 19. Chromatography of maleimides produced by oxidation of 
prodigiosin, norprodigiosin and labelled norprodigiosin 
with chromium trioxide in 15% H^SO.. MN-Polygram plate 
developed for 15 minutes in Skelly F-ethyl acetate-
isopropanol (88:10:2) 
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Figure 20. Mass spectra of maleimides 
Top: Mass spectrum of maleimide 
Bottom: Mass spectrum of methoxylmaleimide 
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Figure 21. Mass spectrum of araylmaleimide 
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as a carrier were added to the medium. After incubation 
for 48 hours at 27°C in a shaker incubator the cells were 
centrifuged in the continuous flow system of the Lourdes 
centrifuge at 13,000 rpm. The yield of collected cells when 
lyophilized was 1,7 g. An exhaustive extraction of the 
lyophilized cells with acetone was used to obtain the 
labelled norprodigioson, after which the cells were 
separated bv suction filtration. The extract was evaporated 
to drynesr. and norprodigiosin purified on a 1,2 g polyamide 
column as already described, A sample of purified labelled 
norprodigiosin (2.5 mg) was used for the oxidative degrada­
tion study. Oxidation was carried out as described for 
prodigioson with the following modification: a—stream of 
nitrogen was passed through the reaction mixture in a closed 
system to evacuate the CO2 generated. The COg was absorbed 
in na(0H)2 in a gas washer. Chromatography of maleimides 
on silica gel was carried out as described before for 
prodigiosin (see Figure 19). A radioautochromatogram of 
the TCL foil for the labelled norprodigiosin was obtained by 
leaving the chromatogram against a sheet of No-screen X-ray 
film for two weeks. The developed radioautochromatogram is 
shown on Figure 22. 
Figure 22. Radioautochromatogram of maleimides from 
labelled norprodigiosin oxidation 
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RESULTS AND DISCUSSION 
In previous work in this laboratory, the abnormal pigment 
norpordigiosin had been extracted from orange cultures of 
Serratia marcescens strain OF but characterized only by con­
version to prodigiosin by methylation with diazomethane. A 
major purpose of the present work was to find additional 
means of characterizing norprodigiosin. 
Although simple procedures of solvent extraction and 
column chromatography are adequate to prepare the wild-type 
pigment in analytically pure form as the free base, hydro­
chloride, or perchlorate (5, 25), these techniques have not 
been successful with norprodigiosin (3, 16, 32). Special 
precautions have generally been taken in attempts to obtain 
pure norprodigiosin on the assumption that the hydroxypyrrole 
structure proposed for this pigment would be more sensitive 
to oxidation, light-catalyzed decomposition, and other 
degradative reactions than would the methoxypyrrole structure 
of prodigiosin. Nevertheless, analytically pure samples of 
norprodigiosin have never been prepared. 
Early in the present work, another explanation for some 
of the difficulty in purifying norprodigiosin was encountered. 
An attempt to prepare the 0-benzoyl derivative of crude 
norprodigiosin led to isolation of an 0-benzoyl derivative of 
serratamolide instead. Serratamolide, a metabolic product 
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that had been isolated previously from strains HY-3, 933, 
and P-1 of S. marcescens (41), is thus also produced in 
strain OF, and in fact constitutes a major impurity in crude 
pigment extracted from this strain. Serratamolide accounts 
for approximately five percent of the weight of lyophilized 
cells of strain OF. The procedure of Keggi (20) for iso­
lating serratamolide from extracts of S. marcescens was 
inadequate for complete separation of the compound from 
norprodigiosin. Chromatography on polyamide resins has been 
successful for fractionating mixtures of simple phenols and 
for isolating natural products such as flavanoids (11, 17) . 
The analogy between phenols and the g-hydroxypyrrole structure 
of norprodigiosin led us to try polyamide chromatography for 
purifying norprodigiosin; in this manner the contaminating 
serratamolide was successfully removed. 
Norprodigiosin purified over a polyamide column was 
quite stable in ethanolic solution at room temperature 
when protected from light. When dried over phosphorus 
pentoxide, norprodigiosin free base was a dark orange 
sticky solid. The electronic spectra in 95% ethanol had a 
maximum at 528 mi! when the ethanol was 0.01 N in HCl and 
maxima at 430 mii and 498 mp when the ethanol was 0.01 N 
in NaOII. The molar absorptivity (extinction coefficient) at 
52 8 mu of the acid form was found to be e = 9.25 x 10^, 
4 
which may be compared with a value of e = 11.5 x 10 for 
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prodigiosin at 537 the absorption maximum of its acid 
form. 
The mass .spectrum (Figure 5) of norprodigiosin purified 
over a polyamide column could be rationalized with the 
"des-methyl prodigiosin" structure. The molecular ion M 
gave only a small peak (m/e 309), but lost alkyl groups 
in a pattern similar to that of prodigiosin fragmentation. 
The M-15 peak (m/e 294) resulted from loss of one methyl, 
M-30 (m/e 279) from loss of two methyls, and M-44 (m/e 265) 
from loss of one methyl and two ethyls. The base peak 
(m/e 2 57) under conditions of obtaining the spectrum appeared 
to be a metastable peak arising from the transition m/e 
309->279. The prominent peak at M-58 (m/e 251) could have 
arisen from loss of two methyls plus loss of CO from the 
hydroxypyrrole ring? loss of carbon monoxide is a prominent 
feature of the mass spectrum of phenols (36). The absence 
of serratamolide fragments was evident in the mass spectrum 
of the purified norprodigiosin. However, a small peak at 
m/e 323 indicated contamination by a trace of an M+14 compound. 
Although this peak could have been due to a homolog of 
norprodigiosin (such as the 2-ethyl-3-amyl or 2-methyl-3-
hexyl), it seemed more likely due to prodigiosin. Additional 
evidence on this point was obtained later from the nmr spectrum 
and from oxidative degradation. 
The infrared spectrum of norprodigiosin was obtained in 
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KBr, C Cl^, and tetrahydrofuran (Figure 4). The KBr 
spectrum was compared to the KBr spectrum of the free 
base of prodigiosin (25). In the norprodigiosin spectrum, 
a striking difference was observed in the carbonyl region, 
where a sharp peak at 1710 cm ^ indicated a ketonic carbonyl, 
suggesting the possibility of keto-enol tautomerism of the 
3-hydroxypyrrole structure. The 0-H stretching region of 
the spectrum, 3550-3200 cm showed very little absorption. 
Integration of the nrar spectrum of norprodigiosin (in 
CDClg) accounted for three protons on the terminal methyl 
of the amyl group (6 0.8 ppm), six aliphatic protons in a 
broad band (ô 1.25), two protons of the aliphatic-CHg-
adjacent to the pyrrole ring (Ô 1.55), and three protons of 
the a-methyl group (6 2.0). This part of the spectrum was 
very similar to that of prodigiosin (46) and to that reported 
by Elson (9) for 2-methyl-3-amylprodigiosene (prodiqiosene 
being the name proposed by Elson for the unsubstituted 
pyrryldipyrrylmethene nucleus itself). In the prodigiosin 
spectrum, resonances for the five aromatic protons and the one 
vinyl proton appear at 6 6.05 to 6,80. In the norprodigiosin 
spectrum, however, proton signals in this region were obscured 
by noise and impossible to integrate. At S 5.2, a broad 
peak integrating for approximately one proton appeared, and 
at 6 4.0, a fractional sharp singlet was observed. 
The presence of the fractional S 4.0 peak could be 
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accounted for on the basis of the prodigiosin contamination 
already suspected because of the slight n/e 32 3 peak in the 
mass spectrum; the 0-methyl proton singlet occurs at 6 4.0 
in the prodigiosin spectrum. The ô 5.2 peak was then 
tentatively assigned to the proton a to the carbonyl in the 
keto form of norprodigiosin required by their spectrum. 
The structure of the keto form was assumed to be VIII 
rather than IX because of the characteristics of the 5.2 
resonance: ,0H 
P 
VIII IX 
Structure ix, although at first glance more probable 
than VIII because of its more extended conjugation, would 
be expected to give rise to a 2H singlet from its two 
protons a to the carbonyl. Addition of DgO to the sample 
and immediate redetermination of the spectrum showed no 
interchange of protons with deuterium. Lack of exchange 
indicated that if any enol form were present, its hydroxyl 
proton resonance was so broad and low as to be lost in noise ; 
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furthermore, the rate of keto-enol transformation at room 
temperature was so slow as to be unobservable in a period 
of a few minutes. 
Keto-enol tautomerization of 3-hydroxypyrroles has 
been studied by a number of investigators. Davoll (6), 
Kuhn and Osswald (21), and Atkinson and Bullock (1) showed 
that many B-hydroxypyrroles were best represented as 
4-oxo-2-pyrrolines: 
The existence of norprodigiosin entirely or primarily 
in the keto form would explain some of our difficulty in 
obtaining derivatives with reagents expected to acylate 
hydroxy1 groups. Evidence of reaction with benzoyl chloride 
and p-nitrobenzoyl chloride was obtained, but the derivatives 
could not be isolated. An attempt to prepare the 2,4-
dinitrophenylhydrazone was also unsuccessful, however. Since 
the one derivative successfully prepared had been the methyl 
ether (16), an attempt was made to prepare the trimethylsilyl 
ether. Analysis of the reaction mixture by gas chromatography 
and mass spectrometry showed the presence of two different 
mono-substituted derivatives plus a di-substituted derivative. 
Evidently at least one N-H was subject to reaction. Results 
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of this experiment at least confirmed the molecular weight 
of norprodigiosin. 
At present, the keto structure VIII proposed for nor­
prodigiosin rests on evidence from ir and nmr spectra; 
the enol structure I rests solely on 0-methylation to 
prodigiosan by diazomethane. Existence of norprodigiosin 
almost entirely in the keto form, with a low rate of 
tautomerism to the enol form, seems to offer a reasonable 
explanation of the data at hand. 
The acidic character of the enolic B-hydroxyl of 
norprodigiosin is demonstrated by the fact that it reacts with 
diazomethane. The acidity of norprodigiosin was measured 
directly by determination of its apparent acid dissociation 
constant, Ka', by spectrophotometric titration in approxi­
mately 50% ethanol. The value 3.65 for pKa' may be 
compared with the value of 8.25 obtained for prodigiosin in 
the same solvent, and with the values of pKa' for a series 
of synthetic prodigiosene compounds lacking any oxygen 
functional group (Table 1). Some other observations on 
the effect of substitutents on the absorption maxima and 
pKa' of this series of compounds may be made from the data 
of Table 1. For example, it may be noted that increasing 
alkyl substitution on positions 2, 3, and 4 tends to increase 
the value of pKa* slightly. A methyl group on the methylene 
carbon, on the other hand, decreases the value of pKa' relative 
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to that of the unsubstituted prodigiosene. 
Norprodigiosin had not previously been subjected to 
analysis by the degradative reactions originally used by 
Wrede (56) to investigate the structure of prodigiosin. 
Chromic acid oxidation to a mixture of maleimides, fraction­
ation of these maleimides by TLC on silica gel foils, and 
analysis of the various products by mass spectrometry was 
successful on a micro scale in our hands (8). As expected, 
maleimide, methoxymaleimide, and amylmaleimide were all 
detected when prodigiosin was degraded and the products sub­
jected to analysis in this way. Oxidation of norprodigiosin 
gave maleimide and amylmaleimide, plus a trace of methoxy­
maleimide evidently arising from the prodigiosin contaminant 
suspected on the basis of nmr and mass spectra. Although 
the chemical degradation confirmed the presence of prodigiosin, 
it was not sufficient to establish that strain OF has a 
limited ability to methylate HBC to MBC. Since other strains 
capable of producing prodigiosin were being grown in the same 
laboratory at the time, the possibility of accidental con­
tamination of strain OF could not be ruled out entirely. 
The micro-scale degradative technique, combined with 
isotopic labelling, would be ideal for investigating the 
biosynthesis of norprodigiosin and prodigiosin itself. 
Unfortunately, there was time in this work to run only a single 
experiment using isotopic labelling, but the experiment was 
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instructive. A sample of radioactive norprodigiosin was 
obtained from an experiment of Luz Bascur de Medina (24) in 
which marcescens strain OF was grown in liquid culture 
_ in the presence of L-proline-C-14(U), When the labelled 
norprodigiosin was submitted to oxidative degradation, both 
the maleimide and the amylmaleimide were found to be radio­
active, as well as the carbon dioxide produced in the 
reaction and trapped in barium hydroxide. The radio-
autochromatogram of the TLC foil on which the maleimides 
were fractionated showed qualitatively greater radioactivity 
in the maleimide spot than in the amylmalemide spot. In 
work with other mutants, Bascur de Medina found the L-proline-
C-14 (U) gave a greater incorporation into the bipyrrole moiety 
of prodigiosin than into the monopyrrole moiety. 
Undoubtedly, this method of degradation and analysis 
will prove extremely useful in continuing investigations of 
prodigiosin biosynthesis carried on in this laboratory. 
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SUMMARY 
1. Norprodigiosin was extracted from lyophilized cells 
of Serratia marcescens strain OF grown in liquid culture, 
and the structure of the pigment was investigated by physical 
and chemical methods. 
2. Serratamolide, a metabolite previously isolated 
from other strains of marcescens, was found to be a major 
contaminant of norprodigiosin. 
3. A benzoyl derivative of serratamolide was isolated 
when a crude norprodigiosin extract was treated with benzoyl 
chloride in pyridine, but benzoyl or other 0-acyl derivatives 
of norprodigiosin could not be isolated from acylation 
reaction mixtures. 
4. Column chromatography of crude norprodigiosin ex­
tracts on polyamide resin yielded the basic form of nor­
prodigiosin sufficiently free from serratamolide for spectral 
characterization. 
5. The infrared spectrum of norprodigiosin indicated 
that the compound was primarily or entirely in a keto form. 
6. The nmr spectrum of norprodigiosin indicated that 
the keto form was a 4-oxo-2-pyrroline rather than a 3-oxo-
1-pyrroline, and that it was not in rapid tautomeric equili­
brium with the 3-hydroxypyrrole form. 
7. Trimethylsilylation gave two mono-substituted 
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derivatives and one di-substituted derivative detected by 
gas chromatography and mass spectrometry, confirming the 
molecular weight of norprodigiosin. 
8. Spectrophotometric titration in 50% ethanol gave a 
value of 3.65 for the pKa' of norprodigiosin in comparison 
to the value of 8.25 for prodigiosin and of 7.20 for the 
unsubstituted prodigiosene nucleus; substituted prodigiosenes 
examined all had values of pKa' in the range of 6.65 to 
84.0 except for norprodigiosin. 
9. Chromic acid oxidation, followed by TLC fractiona­
tion and mass spectral identification of the resulting 
maleimides, was carried out on prodigiosin and norprodigiosin; 
prodigiosin gave maleimide, methoxymaleimide, and amyl-
maleimide; norprodigiosin gave maleimide and amylmaleimide. 
10. Norprodigiosin extracted from cells of S. marcescens 
strain OF grown in the presence of L-proline-C-14(U) con­
tained isotope in the maleimide, amylmaleimide, and carbon 
dioxide fragments obtained by oxidative degradation, with a 
qualitative indication from radioautochromatograms that the 
maleimide fragment was more heavily labelled than the amyl­
maleimide fragment. 
11. Prodigiosin was detected in polyamide-purified 
norprodigiosin by nmr and mass spectrometry and confirmed by 
oxidative degradation; the possibility of a slight capacity of 
strain OF to synthesize prodigiosin was considered, but con­
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tamination of strain OF by another strain could not be ruled 
out as a source of the prodigiosin contaminant. 
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